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GENES CODING FOR A PROTON HAVING HUMAN MACtF ACTIVITY, EXPRESSION VECTORS CONTAIN- 
Sg^So GENES? TRANSFORMANT CELLS AND PROTEINS HAVING HUMAN MACIF ACTIVITY 

FIELD OF THE INVENTION 

T his .nvontoon rflla tgs t o genes co din g f or a-pfeletn-ftavinf-ftamen-MAaMw ern b fane att ack r nmplflx 

s inhibition (actor) activity, expression vectors with the genes respectively inserted therein, cells transformed 
^toe^LTZJT** proteins having human MACIF activity. The term >otein hav,ng human 
MACIF activity" includes, within the meaning thereof, a group of proteins which regulate the complement 
system in the final stage of complement activation and inhibit damaging of human cells and tissues as a 
result of membrane attack complex formation. 

BACKGROUND OF THE INVENTION 
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,s The present inventors previously succeeded in isolating a naturally occurring "human MAC^a so-tar 

^ unknown protein regulating the complement system, in pure form from the human normal ory^e 

O Membrane (JapaneX Patent Application No. 63-310642). They found that the human MACIF inhibits me 

' ^^J^^co^^^ooe^ or. in other words. inhibit, hemolysis ™^ *™ human 

• MAC formation and. in mis respect the human MACIF is distinguished from and supenor to me .mown 

* complement-regulating substances mat inhibit me activation of the early complement components, and mat 
the naturally occurring human MACIF has the following N-terminal amino acid sequence: 

12 3 4 5 6 7 8 9 10 
Leu-G 1 n-Cy s-Ty r-As n-Cy s-P r o-As n-P r o^h r - 

25 

Furthermore, they found that mis naturally occurring human MACIF is a 

weight of 18.00OS1.000 (as determined by SDS-pofyacrylarn.de gel electrophores.s) with a 
ohosphatidylinositol anchor (hereinafter abbreviated as ^anchor") at the C term.nus 
30 * Fo r Sher studying of the above^entioned protein having human MACIF activity and lor developing 
me practical use o/the protein as a drug, it is essentia, to obtain the protein .n a pure and 
JoTnTand in sufficiently *rge quantities. For mis purpose. app.««ion of me ' 

appears to be the most effective means. However, the gene required for me means has not been isoiateo 

95 " ^cordingly. an object of the invention is to provide a gene coding lor a protein having human MACIF 

Mother object of the invention is to provide a replicable expression vector capab.e of expressing the 
gene coding for a protein having human MACIF activity. 

A further objecTof me invention is to provide a microorganism or cells transformed wrth me express-on 

VCCt A still further object is to provide a genetically engineered protein havinghuman MACIF activity. 
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SUMMARY OF THE INVENTION 



The present invention provides genes respectively coding tor polypeptides having human MACIF 
activity in which an amino acid sequence is represented by me following general formula (I): 



so 
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Gin 


Cys 


Tyr 


Asn 


Cys 


Pro 


Asn 


Pro 


Thr 
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13 
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20 


Ala 


Asp 


Cys 


Lys 


Thr 


Ala 


Val 


Asa 


Cys 


Ser 
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29 


30 


Ser 


Asp 


Phe 


Asp 


Ala 


Cys 


Leu 


Zle 


Thr 


Lys 


31 
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34 


35 


36 


37 


38 


39 


40 


Ala 


Gly 


Leu 


Gin 


Val 


Tyr 


Asn 


Lys 


Cys 


Trp 
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Lys 


Phe 


Glu 


His 


Cys 
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Phe 


Asn 


Asp 


Val 
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60 


Thr 


Thr 


Arg 


Leu 


Arg 


Glu 


Asn 


Glu 


Leu 


Thr 
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67 
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70 


Tyr 


Tyr 


Cys 


Cys 


Lys 


Lys 


Asp 


Leu 


Cys 


Asn— ¥ 



In the above formula, X and Y are defined as follows: 
Xis H. 
25 Met. or 

the amino acid sequence: 



s <Cr^ t^f* Met Gry lie Gin Gly Gly Ser Val Leu Phe Gly Leu Leu Leu Val Leu Ala Vai Phe Cys His Ser Gly His Ser; 
^OjJ^^ Y is OH, 

the amino acid sequence: 
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Gly 


Thr 
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Leu 


Ser 
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Thr 


Val 
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Leu 


Leu 
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Val 


Thr 
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Trp 
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Leu 


His 


Pro 


/ or 













an amino acid sequence derived from this amino acid sequence by deleting therefrom one to thirty-two 
*5 amino acid residues from the C terminus thereof. 

The present invention further provides expression vectors respectively containing the genes mentioned 
above, microorganisms or cells transformed with the vectors, and genetically engineered proteins expressed 
in the microorganisms or cells and having human MACIF activity. ^Vt*fc« |»0 

\/**^ 

BRIEF DESCRIPTION OF THE DRAWINGS ^\Juf s '<t C4»Afr>** 
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Fig. 1 illustrates the gene isolated from human leukocytes and coding for an amino acid sequence 
55 including the naturally occurring human MACIF. 

Fig. 2 illustrates an amino acid sequence deduced from th nucleotide sequence of the gene as 
shown in Rg. 1 . 

Fig. 3 illustrat s the whole structur of an xpression vector. pKK223-3. for use in Escherichia colt . 
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Rg 4 illustrates me whole structur of an expression vector. pVYI. for use in CHO cells. 
Fig. 5 illustrates the results f a test of som translation products for thoir antihemolyt.c activ.ty .n 

guinea pig efythrocytes. . . 

Fig 6 illustrates the dose dependency of the inhibitory activity of a translation product in h molysis 
of guinea pig erythrocytes and the result of neutralization of the product with an anti-human MAClF 
antibody. 

Fig 7 illustrates a construction scheme for the expression vector pVYi. 
Fg '. 8 illustrates flow cytometric analysis ol recombinant human MAC IF expression in transformant 

CHO cells. ^ . (|usfrates ^ ^pendency of the inhibitory activity in hemolysis of guinea pig eryth- 
rocytes, of recombinant human MACIF expressed in transfomant CHO cells and the result of neutralization 
thereof with an anti-human MAClF antibody. 

Fig 10 illustrates the whole structure of a vector. pTEJOOl, for expression in Escherich.a coli. 
Fig. 11 illustrates the results of purification of a modified human MACIF protein (Et03) expressed in 
Escherichia coU using O-Sepharose. . ^ 

Fig - iFiUustratw the results of SDS-PAGE anafysis of fractions obtained by pur.ficat.on of the 

modified human MACIF protein E103 expressed in Escherichia cofi using O-Sepharose. 

Fg 13 illustrates the dose dependency of the inhibitory activity in hemolysis of guinea pig 
erythrocytes o, the modified -human MACIF prole* E103 expressed in Escherichia coli and the resutt of 
X neutralization thereof with an anti-human MACIF antibody. 

Fig. 14 illustrates the results of purification of a modified human MACIF protein (E86) expressed m 
Escherichia coli using O-Sepharose. _ . .. 

Fig~lT"iUustrates the results of SOS-PAGE analysis of fractions obtained by punfication of the 

modified human MACIF protein E86 expressed in Escherichia coli using Q-Sepharose. 
» Rg 16 illustrates the dose dependency of the inhibitory activity in hemolys.s of guinea pig 

erythrocytes of the modified human MACIF protein E86 expressed in Escherichia coli and the result of 
neutralization thereof with an anti-human MACIF antibody. 

Rg 17 illustrates the dose dependency of the inhibitory activity in hemolysis of guinea p.g 
erythrocytes of the modified human MACIF protein (C77) expressed in transformant CHO cells and the 
so results of a neutralization test thereof with an anti-human MACIF antibody. 

Rg 18 illustrates the dose dependency of the inhibitory activity in hemolysis of guinea p.g 
erythrocytes of the modified human MACIF protein (C76) expressed in transformant CHO cells 

Rg 19 illustrates the dose dependency of the inhibitory activity in hemolys.s of guinea p.g 
erythrocytes of the modified human MACIF protein (C70) expressed in transformant CHO cells. 

M DETAILED DESCRIPTION OF THE INVENTION 

An example of the genes isolated from human leukocytes by the present inventors is the gene defined 
40 by the DNA sequence shown in Rg. 1. This gene contains a gene sequence coding for the ™ n °™* 
sequence of that protein which exhibits physiological activities of naturally occurring human MACIF and. in 
addition a gene coding for a naturally occurring human MACIF precursor amino acid sequence (inclusive of 
a secretory siqnal peptide and a PI anchor-attachment signal amino acid sequence, among others). 

The decretory signal peptide-encoding gene is a gene coding for a peptide necessary lor the , protein 
« having human MACIF activity which is produced in host cells to be re.eased from the ceH. while the P. 
anchoV-attachment signal amino acid sequence-encoding gene is a gene coding for a h /*°^ «™ n ° 
acid sequence portion necessary for the attachment of the P« anchor to the protein having human MACIF 

^e'Ld on C-terminal analysis of a purified form of the naturally occurring human MACIF. the present 
inventors found that, in the naturally occurring human MACIF. the PI anchor is attached » the 76* i amino 
acid (glutamic acid) residue of the amino acid sequence shown in Rg. 2. The P. anchor has a steleta 
structure composed of phospho-ethano.am.ne. glycan and phosphatidy.inosito. (P.). The ammo group of 
phosph««thanolamine is attached to the carboxy. group of me C- terminal amino acid res,d U e of pep^ 
and me fatty acid side chains of me PI is bound to me cell membrane, in mis way me ^-^chor serves as 
an anchor tor binding peptid s t th cel. membrane. It was found that, in me ammo acd sequence shown 

-nA-r-' r-"' ~r~ rgj™ from * residue ^l^ SI^f^S^ 

juii ■ i ovrT ^n »^™MM*MM signal sequ nee. Thus, me ammo acd sequence 



so 
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comprising the 1st to 76th amino acid residues constitutes a peptide cor of naturally occurring human 
MACIF. In this specification, the term "human MACIF* means any prot in ssentially composed of the 
peptide comprising th first amino acid (I udne) residu to the 76th amino acid (glutamic acid) r sidue and 
the PI anchor attached to the C terminus of the peptide. This human MACIF may hav a sugar chain of 
s various kinds of structures depending on th host cells used for phenotypic expression or depending on 
cutturing conditions of cells used ther in. Human MACIF with a sugar chain of any structure as well as 
human MACIF without any sugar chain fails within the scope of the human MACIF according to the present 
invention. 

For practical use as a oVug^vtng~pfoysi olo^icd ^ 

w have ail the constituent elements of the above-mentioned human MACIF. It may be lacking in the PI anchor, 
or it may partially differ in amino acid sequence from human MACIF. provided that it has human MACIF 
activity. Thus, the objective proteins according to the present invention also include proteins having human 
MACIF-iike physiotogicai activities but differing from the very human MACIF in that a part of the amino acid 
sequence of human MACIF is missing in them or replaced with some other amino acid sequence, in that 

is some amino acid sequence is added to or inserted in them, in that they have no PI anchor and/or in that 
they have no carbohydrate chain or differ in the kind of carbohydrate. In this specification, these objective 
proteins are referred to as "modified human MACIF proteins*. 

The genes provided by. the present invention include genes coding for the above-mentioned human 
MACIF and modified human MACIF proteins. As typical examples of the modified human MACIF protein- 

20 encoding genes, there may be mentioned a gene coding for the amino acid sequence from the 1st amino 
acid residue (Leu) to the 70th amino acid residue (Asn) of the above-mentioned amino acid sequence of 
formula (I), a gene coding for the amino acid sequence from the 1st to the 75th amino acid residue (Leu) of 
the sequence of formula (I), a gene coding for the amino acid sequence from the 1st to the 77th amino acid 
residue (Asn) of the sequence of formula (I), a gene coding for the amino acid sequence from the 1st to the 

25 82nd amino acid residue (Leu) of the sequence of formula (I) and a gene coding for the amino acid 
sequence from the 1st to the 86th amino acid residue (Thr) of the sequence of formula (1). In addition, 
mention may be made also of a gene coding for the amino acid sequence from the 1st to the 103rd amino 
acid residue (Pro) of the sequence of formula (I). When higher animal cells are used as host cells for its 
expression, this gene gives human MACIF with the PI anchor attached to the 76th amino acid residue (Glu). 

jo when expressed in bacteria, for instance, the gene gives a modified human MACIF protein comprising a 
peptide up to the 103rd amino acid residue (Pro); the PI anchor attachment does not occur in that case. 
Therefore, for convenience sake, such gene is included in the category of modified protein-encoding genes. 
Furthermore, a gene coding for the amino acid sequence up to the 76th amino acid residue (Glu) which 
constitutes the peptide core of human MACIF. when expressed on a vector, gives a soluble human MACIF 

35 polypeptide portion having no PI anchor. Such gene may also be included in the category of modified 
protein-encoding genes as defined above. In addition to those genes specifically mentioned above, genes 
coding for the amino acid sequence from the 1st up to the 7 1st to 85th amino acid residue can produce 
proteins having human MACIF activity and therefore are included among the genes according to the 
invention. 

40 The genes according to the invention can be prepared by various methods. For example, a suitable 
method comprises isolating a clone containing cDNA coding for human MACIF from a cONA library 
prepared from mRNA obtained from human MAClF-producing cells and isolating the MACIF cONA from the 
thus-isolated clone. Another method comprises chemically synthesizing nucleic acids in the conventional 
manner, for example by the phosphoamidite method [Hunkapiller. M. et al.. Nature. 310. 105-111 (1984)]. 

45 based on the genetic information encoding human MACIF as disclosed herein. A combination of the above 
two methods may be mentioned as a further example. In the following, the method mentioned above that 
makes use of mRNA is described in further detail. 

so Oligonucleotide probe preparation 

A oligodeoxyribonucleotide probe is prepared which is complementary to mRNA coding for the N- 
terminal amino acid sequence of purified, naturally occurring human MACIF isolated from human eryth- 
rocytes, for example, by chemical synthesis by the phosphoamidite method using a commercial DNA 
ss synthesizer (e.g.. Applied Biosystems model 380A 0NA synthesizer). 



cONA library preparation 
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(1) Preparation of raw materia] c lis: 

Human cells of any kind in which the human MACIF according to the inv ntion can be expressed may 
be used as the material for human MACIF mRNA in the practice of th invention. Advantageous as such 

s cells from the high mRNA content viewpoint are human peripheral blood-derived leukocytic cells, human 
lymphocytic c Us and other tissue cells as well as appropriate cell lines established therefrom. 

Human peripheral Wood-derived leukocytes and lymphocytes can be isolated from a normal human- 
derived buffy coat by density gradient centrifugation [Bayum, A., Scandinavian Journal of Clinical Labora- 
tory Investigations. 21. SuppMmenr87r^33-(t968t^ 'instance, Tissue 

to cells can be prepared" from a tissue homogenate or the like in the conventional manner. 

As the established human cell lines, there may be mentioned, for example, human erythroblastic 
leukemia cell lines (e.g.. K562). human B cell leukemia cell lines (e.g.. Raji), human T cell leukemia cell 
fines (e.g.. MT-2). human monocytic leukemia cell lines (e.g.. U337, HL60) and other tissue cancer cell lines 
(e.g., Bowes melanoma). The cell Kries to be used are not limited to these, however. Such cell lines are 

rs readily available from the Safe Institute Celt Bank (California, USA) and other similar institutions. The cells 
are cultured in the manner of stationary culture, spinner culture or roller bottle culture, for instance, using an 
appropriate animal cell culture medium, e.g.. commercially available RPMI 1640 medium (Moore. G.E. et al.. 
Joumal.of American Medical Association. 199. 519-524 (1967)]. 

in some instances, stimulation of ceils during cultivation can result in intracellular expression of human 

so MACIF mRNA in increased amounts. The use of an immune complex as the stimulant is advantageous. As 
the stimulant there may be further mentioned lectins (e.g.. concanavalin A (ConA), phytohemagglutinin 
(PHA)]. various antigens, phorbol esters [in particular l2<>-tetradecarwylphort>ol-l3-aceUte (TPA)] and 
physiological stimulatory factors (e.g., interieukins, interferons, colony stimulating factors), among others. 
These may be used in combination of two or three of them. 

23 

(2) mRNA extraction: 

An RNA fraction containing human MACIF-encoding mRNA can be extracted from cells of any of the 
» kinds mentioned above in the conventional manner. Thus, for instance, the cellr are partially or completely 

disrupted and/or soJubilired by means of a guanidine thtocyanate solution or an appropriate detergent (e.g.. 

SOS, NP-40. Triton X-100, deoxycholic acid) or by a physical means such as homogenization or hemolysis. 

Chromosomal DNA is then subjected, to a certain extent, to the shearing action of a mixer (e.g.. Polytron) or 

a syringe, followed by separation of a nucleic acid fraction from proteins. Particularly useful for this 
35 fractionation procedure is the technique of extraction with phenol and chloroform or cesium chloride density 

gradient uttracentrifugation (Chirgwin. J.M. et al.. Biochemisty. 18. 5294-5299 (1979): Maniatis. T. et al.. 

Molecular Cloning, A Laboratory Manual. Cold Spring Harbor Laboratory. (1982)]. among others. 

In the above-mentioned extraction procedure, an RNAase inhibitor, for example, heparin, polyvinyl 

sulfate, diethyl pyrocarbonate or a vanadium complex, may be used as an additive for preventing RNA 
40 degradation due to RNase. 

Isolation and purification of mRNA from the RNA obtained by the above extraction procedure can be 

effected, for example, by using an adsorption column of. for example. oligo-dT-cellulose (Collaborative 

Research) or poly-U-Sepharose (Pharmacia), or in a batchwise manner. 

The thus-obtained mRNA is a mixture of mRNAs coding for a variety of proteins. Therefore, it may be 
45 purified and concentrated with respect to the desired mRNA that corresponds to human MACIF prior to 

cDNA library preparation. This purification and concentration can be performed as follows. Thus, the mRNA 

obtained in the above manner is fractionated by sucrose density gradient centrifugation. for instance, and 

the resulting fractions are tested for the presence of the desired human MACIF mRNA by dot plot 

hybridization, for instance. 

so 

(3) cDNA Library preparation: 

The purified mRNA obtained in the above manner is generally unstable. Therefore, the mRNA is 
55 converted (reverse transcribed) to a stable complementary ONA (cONA) and connected to a microorganism- 
derived r plicon. enabling amplification of the desired g ne. Th in vitro mRNA conv rsion can be generally 
carried out by the Okayama-Berg method [Okayama. H. and Berg. P.. Molecular and Cellular Biology. 2. 
161-170(1982)]. 
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Thus. oligo-dT is used as a primer, which may be free oligo-dT or in th form already attached to a 
vector primer, and a single-stranded cONA complementary to the mRNA is synth sized using the mRNA as 
a template and using reverse transcriptase in the presence of dNTPs (dATP, dGTP. dCTP and dTTP). The 
next step depends on whether the oligo dT is used in the free f rm or in the form attached to a vector 
s primer. 

In the former case, the template mRNA is removed by decomposing it by treatm nt with an alkali, for 

instance, and then a double- stranded ONA is synthesized in the presence of reverse transcriptase or ONA 
p*TJyirre«*M>-*^ HNA^m. » template. The resultant double-stranded ONA is then 

treated at both ends thereof with SI nuclease and. after addition of an appropriate linker DNA or a plurality 
io of bases whose combination allows annealing to the respective ends, inserted into an appropriate vector, for 

example, an EK system plasmid vector (either of the stringent type or of the relaxed type), or a xgt phage 

vector. 

In the latter case, the mRNA to serve as a template is allowed to remain as it is. and the opened 
circular plasmid with the same linkers as mentioned above added thereto is annealed with a tinker ONA 
15 (frequently a ONA fragment containing a region autonomously replicabfe in cells and an mRNA transcription 
promoter region) to give a closed circular form. Then, the mRNA is replaced with a ONA chain in the 
presence of dNTPs and in the simultaneous presence of RNase H and DNA polymerase I to give a 
complete plasmid ONA. 

The cDNA-containing plasmid vector obtained in the above manner can be introduced into a host 'or 
so transformation thereof. Typical as the host is Escherichia coU. However, the host is not limited to this but 
may be. for example. Bacillus subtilis or Saccharomyces cerevisiae . 

The host can be transformed by introducing the DNA mentioned above by various methods commonly 
used in the art for example, by collecting cells mainly at the logarithmic growth phase, treating them with 
calcium chloride for rendering them ready for spontaneous DNA uptake and allowing them to take up the 
23 plasmid. In the procedure mentioned above, magnesium chloride or rubidium chloride may be allowed to 
additionally coexist in the transformation system for further improvement of the transformation efficiency, as 
is generally known in the art It is also possible to convert host cells to the spheropiast or protoplast state 
prior to transformation. 

x 

Cloning of cONA 

A strain carrying the desired human MACIF cDNA can be detected from among the transformants 
obtained in the above manner by various methods, for example, the methods mentioned below. 

35 

(t) Screening using a synthetic oligonucleotide probe: . , 

In cases where a part of the amino acid sequence of the desired protein is known, as in the case of the 
40 present invention, oligonucleotides corresponding to the amino acid sequence portion is synthesized and 
this is used as a probe (after labeling with K P or 15 S) for detecting and selecting a positive strain by 
hybridization with transformant-derived ON As denatured and immobilized on a nitrocellulose filter. The 
oligonucleotide may have a base sequence derived based on the codon frequency data or a combination of 
presumable base sequences. In the latter case, the number of probes can be reduced by incorporating 
4$ inosine thereinto. 



(2) Selection using an antibody to human MACIF: 

so The cONA is inserted in advance into a vector capable of protein expression in transformants. protein 
production is allowed to proceed therein, and the anti-human MACIF antibody and a second antibody to the 
antibody are used to detect and select a desired human MACIF producer cell. 



ss (3) Screening by producing human MACIF in other animal cells: 

Transformant strains are cultured for gene amplification. The genes are used to transfect animal cells 
(using a plasmid capabl of autonomously replicating and containing an RNA transcription promoter region 
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or a plasmid capable ( integrating into animal c II chromosom s). The pr teins encoded by the g nes ar 
allowed to be produced and the culture supernatants or c II extracts are assayed for human MACIF activity. 
Alternatively a transform** strain carrying the desired cONA coding for human MACIF is selected from 
among transtormant strains by detecting the human MACIF produced therein by using an antibody to 
human MACIF. 



Confirmation of human MACIF cONA 



is 



20 



x 



so 



ss 



The gene according to the present invention obtained by the use of mRNA as a starting material can be 
confirmed to be a gene properly coding for human MACIF by using an «^***^™*^:^*} 
commonly used is the method developed by Krieg et al. [Krieg. PA et al.. Nucleic Acjds Research. 12. 
7057-7070 (1984)1. which comprises synthesizing a large quantity of mRNA in vitro using a potent promoter 
and an RNA polymerase specific to the promoter, followed by translation of the mRNA into a prote.n us.ng 
a simple translation system. Thus, in the above method, the cONA of the present invention .s .nserted .me- 
an appropriate plasmid downstream from a potent promoter, such as the SP6 promoter. T7 promoter or T3 
rxornoter (in the case of the use of mRNA as a starting material, the vector containing these promoters can 
be previously used in the library preparation), and the resulting plasmid is purified ^J^*^*" 
aoorooriate restrict***, ertryme cleavage sHe occurring downstream from the human MACIF cONA wruch . 
cSurTdownstream from such promoter. The resulting double-stranded DMA is transcribed to mRNA in vrtro 
using a polymerase specific to the pnxnoter used, such as SP6 polymerase. T7 polymerase or T3 
polymerase, respectively. The thus-transcribed mRNA is then translated into a protein by usrng a cell-free 
protein synthesizing system, such as a rabbit reticulocyte lysate or wheat germ lysate. or by the method 
comprising injecting the mRNA into Xenopus laevis oocytes. That the gene correctly coding for human 
MACIF has been obtained can be co=ed by-assaying for MACIF activity of the translation product 
protein, or by an immunological method using an antibody specific to human MACIF. 

Gene sequence determination 

The nucleotide sequence of the thus-obtained gene of the present invention can be determined, for 
mJ£L ^SmS^SL using a pfcsmid vector [Chen. E. Y.. ONA. 4. 165-170 (1985)1; or by the 7- 
dSSv method [Mirusawa, S. et a... Nucjeic Acids Research . 14. 1319-1324 (1986)]. The thus^btained 
oene for naturally occurring human MACIF (derived from human leukocytes) .s shown .n Fig. i . 

WNI. *e method of Sparing the gene of me present invention as deta..ed.y described ab^ve goes v,a 
mRNA, the gene coding for human MACIF can also be prepared by chemical syntheses based on he 
nucleotide sequence disclosed herein. A typical example of the method of chemical synthes.s .s the 
phospnoamidite method. 

Constructon of expression vectors 

(1) Selection of the host-vector system: 

The whole length of the coding region of the thus-obtained human MACIF gene can be expressed using 
a eu^yote or promote as the host. The vector ,o be integrated into such host cells can be constructed 
in an appropriate manner depending on the host cells. ,. „„ /.rrr 

AsTe prokaryote host, there may be mentioned Escherichia cpji strains (e.g.. E. col. K12 294 (ATCC 
31446, E CobTe. COli x1776 (ATCC 31537). E. coli C600. E. coU W3110 (F-. X, proto^ph.c; ATCC 
273^)1 "bJL strainTle.g.. B. subtilis). enteric bacteria other than E. co|i. for example. J^monena 
typhimurium and' Serratia m arcescens . and Pseudomonas strains. . • „ ,^ „ ona „, 

Usable a s th e vector tor such m,c rc<*g5K5rnl^s an expression vector wh.ch contain the gen i of 
me present invention wim a promoter and an SO base sequence [Shine. J et aL Proc. Nati. Acad Sou 
USA. 71. 1342-1346 (1974)J located upstream of the gene, together w.th ATG * p f "J 

synth sirinitiation. G n rally. pBR322. pBR327 and me lik are vectors su.ted for use. .n Escherichia coh 

^£^££1 r are. for example, me tryptophan promoter. PL promote,, .ac promoter. Ipp 
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promoter and ^-lactamase promoter. 

As typical examples of the mark r g ne. there may be menti ned the ampiciliin resistance g ne and 
t tracycline resistance gene. 

Yeasts are g neralty used as the eukaryotic microorganism. In particular, yeasts belonging t th genus 
5 Saccharomyces can be used advantageously. A typical exampl oi the expression vector for use in yeasts 
and other eukaryotic microorganisms is YRp7. 

Useful examples of the promoter which the expression vector for expression in yeasts should have are 
the 3-phosphoglycerate kinase enolase, glyceraldehyde-3-phosphate dehydrogenase or hexokinase promot- 
ers ! 

io The trp1 gene, for example, can be used as the marker gene. 

The origin of replication, termination codon and other DNA sequences which serve to regulate 
transcription and translation in yeast ceils may be ordinary DNA sequences known to be suited for use in 
yeast cells. 

When cultured higher animal cells are used as the host they may be rhesus monkey kidney cells, 
rs mosquito larva cells. African green monkey kidney cells, mouse fetus fibroblasts. Chinese hamster ovary 
(CHO) cells, a dihydrofoiate reductase-defidertt strain thereof [Urtaub, G. et al.. Proc. Nad. Acad. Sci.. 
U SA. 77, 4216-4220 (1980) J. human cervical epithelial cells, human fetus kidney cells, moth ovary cells, 
human myeloma cells or mouse fibroblasts, for instance. 

The vector generally contains functional sequences for expression of the DNA of the present invention 
20 in host cells, for example, the origin of replication, promoter located upstream from the DNA of the present 
invention, ribosome binding site, poryadenylation site and transcription termination sequence. 

Preferred examples of the promoter are the adenovirus 2 major late promoter, SV40 early promoter. 
SV40 late promoter, eukaryotic gene-derived promoters (e.g., estrogerMnduobte chicken egg albumin gene, 
interferon gene, glucocorticoid^ rKJucible tyrosine aminotransferase gene, thymidine kinase gene, adenovirus 
25 major earfy and late genes, phosphoglycerate kinase gene, o-factor gene). 

The origin of replication may be derived from adenovirus. SV40, bovine papilloma virus (BPV), vesicular 
stomatitis virus (VSV). or any of vectors derived from these. 

The neomycin resistance gene, and methotrexate resistant dihydrofoiate reductase (DHFR) gene, 
among others, can be used as the marker gene in this case. 
30 The examples of the host vector and constituent elements thereof that have been described 
hereinabove as usable for the expression of the human MACIF cDNA and modified human MAC IF protein 
cDNAs are by no means limitative of the scope of the present invention. 



as (2) Construction of human MACIF expression vectors: 

Since, as mentioned hereinbefore, human MACIF is a protein having the PI anchor at the C terminus of 
the polypeptide chain, the host cells for its expression must be selected from among cells having the PI 
anchor synthesizing mechanism. Such mechanism is known to be distributed among a wide variety of 

40 organisms from prokaryotes. yeasts and myxomycetes to insects and mammals. As examples of the host 
cells that can be expected to allow production of a polypeptide having the PI anchor at the C terminus 
thereof in the state of art, there may be mentioned CHO cells [Car as. I.W. et al.. Nature . 322 . 545-549 
(1987)). COS cells (Car as, I.W. et al.. Science . 243 , 1196-1198 (1989)] and R1.1 thymoma cells [Waneck. 
G.L. et al.. Science . 241. 697-699 (1988)J. but the host cells are not limited thereto. In the following, a 

45 method of constructing a human MACIF cDNA expression vector particularly suited for the expression in 
Chinese hamster ovary cells (CHO cells) as host cells is described in detail. 

A human MACIF cDNA-containing clone. PGEM352-3. is isolated from human monocyte cDNA library 
constructed with commercially available plasmid vector PGEM4 (Promega) mainly used lor in vitro 
transcription. The plasmid pGEM352-3. is cleaved with the restriction enzymes Sac I r*nd Hind i, followed by 

so agarose gel electrophoresis to give a Sact/Hinctl DNA fragment of about 425 base pairs. This fragment is 
rendered blunt-ended by treatment with mung bean nuclease. 

On the other hand, the main body vector for constructing an expression vector for use in CHO cells is 
prepared by cleaving pVY*1 (shown in Fig. 4) with Bglll, followed by treatment with mung bean nuclease to 
render the resulting Bglll ends blunt-ended. This main body vector and the blunt-ended Sact/ Hinc il DNA 

55 fragment mentioned above are joined together using T4 DNA ligase. and the ligation mixture is used to 
transform Escherichia coli HB101. Plasmids are pr pared from the thus-obtained transform ants by the alkali 
m thod and subjected TcTrestriction enzym analysis. In this way. a plasmid capabl of expressing the gene 
is selected out. 
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The thus-prepared xpr ssion plasmid is transformed into methotrexat (Mtx)-susceptible CHO c Its by 
the calcium phosphate method. Since transformants acquire Mtx resistanc . a strain capable of expr ss.ng 
the polypeptide can be selected from among the Mtx-r sistant strains. Wh n the gene is expr ssed in CHO 
c lis. the expression product polypeptide is deprived of the signal peptid . with or without further 
processing, to give mainly a protein having the PI anchor attached to the C terminus. 

A vector for the expression of human MAC IF having the phosphatidy (inositol anchor at th C terminus 
can be constructed also by the known technology mentioned hereinbelow using a modification of the abov 
gene modified in the portion which codes for the hydrophobic signal sequence for PI anchor attachment 

beginning with the 77th amino acid residue (Asn) of the polypeptide of formula (I). 

- Pmm the teaching of Caras et al. [Caras, I.W. et al.. Science , 238, 1280-1283 (1987)]. it is wen Known m 
the art that the rjrwsphatidylinositol anchor can be attached to the C terminus of any desired protein when a 
hybrid DNA is constructed by adding a DMA coding for the hydrophobic signal sequence for PI anchor 
attachment at the C terminus of a precursor for a known Pl-anchored protein to the 3 terminus of a DNA 
coding for a desired protein and then expressed using a recombinant vector such as mentioned herein- 
before. The hydrophobic signal sequence for PI anchor attachment may be any of those known PI anchor 
attachment signal sequences for precursors for Pl-anchored proteins that are described in a review by 
Ferguson et al. [Ferguson. MA et al.. Annual Review of Biochemistry, 57. 285-320 (1988)] and elsewhere. 

According to Caras et al. (Caras. lW~eT aTT Scie^ce . 243, 1196-1198 (1989)1 it is possible that the N- 
terminal secretory signal sequence of human growth hormone or a random hydrophobic peptide sequence 
can be used as a polypeptide sequence usabte as a s&A PI u&xx attachment at the C terminus. This 
suggests that human MACIF with the PI anchor attached thereto can be expressed as well by using a 
hybrid gene produced by connecting such a hydrophobic sequence as mentioned above to the 3 side of a 
DNA sequence coding for the portion of human MACIF which ends in the 76th amino acid residue (Glu). 

in view of the above, rt is evident that the gene sequence to be used in constructing an expression 
vector for the production of human MACIF with the PI anchor attached to the C terminus thereof is not 
limited to the DNA sequence shown in Fig. 1. 

The human MACIF polypeptide with the PI anchor attached to the C term.nus thereof is generally 
expressed on the ceil membrane of the transformant. Therefore, the recombinant human MACIF on the cell 
surface can be detected in the conventional manner by reacting the transformant cells with an anti-human 
MACIF antibody and a fluorescence-labeled second antibody, followed by flow cytometry or analysis on a 
fluorescence-activated cell sorter (FACS). « no human MACIF can be detected on the cell surface any more 
by the above method after treatment of the transformant cells with phosphatidylinos.tol-spec.f.c 
phospholipase C (PI-PLC). it can conversely be verified that the recombinant MACIF obtained in the above 
manner has the PI anchor attached thereto. 

Such a method as mentioned above makes it possible to confirm that a recombinant human MACIF is 
produced in cells transformed in the above manner. 



40 
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(3) Construction of expression vectors for modified human MACIF protein: 

A method of constructing vectors for the expression of modified human MACIF proteins is described in 

The^re recombinant vectors capable of expressing proteins substantially equivalent in ' P*^**** 1 
activities to human MACIF. They are vectors comprising a DNA sequence derived from the ONA base 
sequence shown in Fig. 1 by deleting any portion thereof, tor example, such that the expression product 
lacks in a part of its N-terminal or C-termina! amino acid sequence, or by modifying any portion thereof 
such that the corresponding amino acid sequence be replaced by some other amino acid sequence, or by 
adding an appropriate sequence such that some amino acid sequence be added to the expression product, 
together with those constituent elements necessary for expression in a variety of host systems mentioned .n 
the above section (1). More specifically, these expression vectors include a series of '^ b ^ZZ'l 
which a gene coding for a polypeptide defined by the amino acid sequence of formula (I) .s effectively 
connected to and placed under the control of a regulatory DNA sequences capable of causing express.on of 

*" batferial cells, which have no PI anchor synthesizing mechanism, are used as the host for 

expression of the above-mentioned expression vectors, the expression product is always a polypeptide 

>UNU %tZ ma^lian cells are used as the host, the PI anchor addition is controlled in a complicated 
manner, ft is g nerally known that when PI anchor attachment, to the C terminus of a polypeptide takes 
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plac . limination of a specific hydrophobic C-t rminal polypeptide portion (Pl-anchor attachment signal 
sequence) from a precursor for the polypeptid preced s modification with the PI anchor, fn th case of 
human MACIF, the polypeptid from th 77th amino acid residue (Asn) to the 103rd amino acid residu 
(Pro) acts as a signal for PI anchor attachment. However, the r spective modified protein genes inserted in 

s the expression vectors for those modified proteins mentioned above which are composed of am in acid 
residues No. 1 to No. 70 to 86 are tacking in the portion of DMA which codes for a part or the whole of th 
PI anchor attachment signal sequence, it is known that deletion of a gene fragment coding for a part of the 
hydrophobic attachment signal sequence from a gene coding for a protein precursor to which a PI anchor is 

t o b« Adrtftd nasufta in production of a soluble protein [Berger. J. et al.. Journal of Biological Chemistry. 263^ 

io 10016-10021 (1988)]. Therefore, these genes of the present invention which code for the modified proteins 
can possibly be used as genes for producing soluble modified human MACIF proteins. 

Among the vectors for the expression of these modified proteins, a vector for the expression in 
Escherichia coli of a protein comprising those amino acid residues up to the 103rd one shown in Fig. 2. 
vectors for the expression in Escherichia coli and in rnammallan cells of modified MACIF proteins 

is comprising those amino acid residues up to the 86th. 77th and 70th. respectively, are described in more 
detail in the following together with methods of their construction and expression. 



(a) Expression in Escherichia coli of a protein comprising the 1 st to 103rd amino acid residues: 

20 

The plasm id pGEM352-3 is cleaved with the restriction enzymes Pstl and Hindi and a Pst i /Hinc ll DNA 
fragment of about 310 base pairs is isolated and purified by agarose gel electrophoresis. 
A synthetic DNA of the formula (II): 

25 Eco RI Pst I 

AATTCATGCTGCA (II) 
GTACGp 



is phosphorylated at the Pstl cleavage site is joined to the Pstt /Hinc ll fragment prepared as above- 
mentioned at the Pstl cleavage site thereof using T4 DNA ligase. The thus-produced, synthetic DNA-joined 
DNA fragment (rxjwScoRl /Hinc ll fragment) is isolated and purified by agarose gel electrophoresis. 

Separately, a vector main body for constructing an expression vector for use in Escherichia coli is 
prepared, for example, by cleaving pKK223-3 shown in Fig. 3 with EcoRI and Smal. This vector and the 
above-mentioned EcoRI/ Hinc ll DNA fragment are ligated together using T4 DNA ligase and the ligation 
mixture is used to transform E. coli K12JM109 by the calcium chloride method. Plasmids are isolated from 
transform ants by the alkaline~method and analyzed using restriction enzymes. In this way. a transform ant 
harboring the desired plasmid with the EcoRI /Hinc ll DNA fragment inserted therein can be selected. 

The desired polypeptide can be expressed and produced by cultivating the transformant obtained as 
described above in an appropriate medium (e.g.. L medium containing 100 mM isopropyl-0-D-thiogalac- 
topyranoside). The polypeptide expressed has methionine residue at the N terminus thereof. The expres- 
sion product also includes the polypeptide species which has no N-terminal methionine as a result of 
elimination by the action of an enzyme occurring in Escherichia coli cells and capable of eliminating the N- 
terminal methionine residue. 



(b) Expression of a protein comprising the 1 st to 86th amino acid residues: 

When Escherichia coli is used as the host. pGEM352-3 is cleaved with Avail. Separately, a synthetic 
DNA of the formula (III): 



55 



1 1 



EP 0 394 035 A2 



Ava II 

pGACCTGTGTAACTTTAACGAACAGCTTGAAAATGGTGGGACA 
GACACATTGAAATTGCTTGTCGAACTTTTACCACCCTGT 



Hind III 
TCCTTATCAGAGAAAACATGA 

-AGXsAAX^U^CXCTTrTGTACTXCGA 



rs 



20 



to 

(III) 

is phosphorylatd at the AvaJI cleavage site. The cleavage product and ptosphorylated synthetic DNA are 
ligated together using T4 DNA ligase. The Bgation product is then cleaved with Pst! and ligated with the 
synthetic DNA of formula (II) phosphorylated at the Pstl cleavage site, using T4 DNA ligase. The thus- 
produced ligation product (now EcoRl/Hind HI fragment) from the synthetic DNA and DNA fragment is 
isolated and purified by agarose gel electrophoresis. 

The thus-prepared Ecoftl/HjndM DNA fragment is ligated with an EcoRl /Hiryj lll fragment of pKK223-3- A 
recombinant EscherichiacoB "strain, which allows expression of a polypeptide comprising the 1st to 86th 
amino acid residues, can be obtained using the ligation product and proceeding in the same manner as 
described above. 

For polypeptide expression in CHO celts. pGEM352-3 is cleaved with Avail and then ligated with the 
synthetic DNA of formula (HI), as in the case of expression in Escherichia colt cells. The ligation product is 
then cleaved with Sacl and a DNA fragment of about 375 base pairs is isolated and purified by agarose gel 
electrophoresis. This DNA fragment is rendered blunt-ended by treatment with mung bean nuclease. The 
resulting DNA fragment is inserted into pVY1 cleaved with Bgllll and rendered blunt-ended to give an 
expression plasmid. Transformation of CHO cells with the expression plasmid gives CHO cells capable of 
expressing and producing a polypeptide comprising the 1st to the 86th amino acid residues. 

(c) Expression of proteins comprising the 1st to 77th amino acid residues and the 1st to 70th amino acid 
residues, respectively: 

x For causing expression of the gene coding for the 1st to 77th amino acid residues or the 1st to 70th 
amino acid residues in Escherichia coii or CHO cells, essentially the same procedure as mentioned above 
can be followed except that, in the plasmid preparation step, the synthetic DNA to be joined to pGEM352-3 
after cleavage of the latter with Avail is a synthetic DNA of the formula (IV): 

40 Ava XI Hind III 

pGACCTGTGTAACTTTAACGAACAGCTTGAAAATTGA 

GACACATTGAAATTGCTTGTCGAACTTTTAACTTCGA 

45 (IV), 

when the polypeptide comprising the 1st to the 77th amino acid residues is to be expressed, or a synthetic 
DNA ol the formula (V): 



DO 
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Ava II Hind III 

pGACCTGTGTAACTGA 

GACACATTGACTTCGA 



gacaca: 

(V), 
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when th polypeptid comprising the 1st to the 70th amino acid r sidues is to be xpr ssed. 

The subsequent steps, th corr sponding genes and recombinant vectors for the expr ssion of th 
g nes can be obtained by proceeding in the same manner as described above in (b). 

5 

Transformation 

intredtfgtie^v-oMh^thus^tai^ or modifie d- 

human MACIF protein cONA into desired host cells, namely transformation of the cells with the vectors, can 

to be affected using these techniques that are used generally. 

Each expression vector plasmid can be prepared from the host used for gene construction (e.g. E. coli 
HB101) by a method in general use. for example, alkaline bacteriolysis. The vector plasmid prepared is 
used to transform the host The transformation can be effected by the method of Hanahan [Hanahan. D.. 
Journal of Molecular Biology. 166. 557-560 (1983)]. for instance, when bacterial cells are used as the host 

is or by the~calbum phosphate method {van der Eb. A. J. et al.. Methods in Eruymology . 65. 826-839 (i960). 
Academic Press], for instance, when mammalian cells are used as the host. 



Cultivation and purification 

30 

The transform ant obtained in the above manner can be grown in the conventional manner and 
cultivation thereof results in production and accumulation of a biologically active human MACIF or modified 
human MACIF proteins. The medium for the cultivation can suitably be selected from among various 
conventional media depending on the host cells employed. For instance, when the above-mentioned CHO 

25 cells are used as the host MEM-a medium if necessary supplemented with a blood component such as 
fetal calf serum (FCS). may be used. 

The site of expression for the production of the recombinant human MACIF or recombinant modified 
human MACIF proteins in the transformant differs depending on the amino acid sequence encoded by the 
cONA selected, the kind of vectors, that of the host cells and the combination of these. Thus, the 

oo recombinant human MACIF or modifications thereof can be produced on the cell membrane, within the cell 
or in the cell culture supernatant The human MACIF or modified human MACIF proteins produced in 
transformed cells can be isolated and purified therefrom by various separation techniques [e.g.. Japanese 
Biochemical Society (ed.). Biochemical Data Book II. 1st edition. 1st printing, page 1175. Tokyo Kagaku 
Dojin (1980)] based on the physical and chemical properties thereof. 

35 To be concrete, the techniques include, among others, treatment with an ordinary protein-precipitating 
agent, ultrafiltration, molecular sieve chromatography (gel filtration), adsorption chromatography, ion ex- 
change chromatography, affinity chromatography, high-performance liquid chromatography (HPLC). other 
liquid chromatographic techniques, dialysis, and combinations of these. .To be more concrete, the technique 
to be used may vary depending on the site of expression of the recombinant protein. 

40 Recombinant proteins produced in the culture supernatant can be isolated and purified in the following 
manner. 

First, the desired substance is partially purified from the culture supernatant in advance. This partial 
purification is realized, for example, by treatment with an agent for salting out such as ammonium sulfate, 
sodium sulfate or sodium phosphate, and/or ultrafiltration treatment using a dialyzing membrane, fiat 

45 membrane or hollow fiber membrane. The procedure and conditions ol each of these treatments may be 
the same as those generally employed in the art The roughly purified product obtained in the above 
manner is subjected to adsorption chromatography, affinity chromatography, gel filtration, ion exchange 
chromatography, reversed-phase chromatography or the like or a combination of these, and a fraction 
showing human MACIF activity is recovered. In this manner, the desired substance can be isolated in a 

so pure and homogeneous form. 

A recombinant protein produced on the cell membrane may have a PI anchor and. therefore, may be 
bound to the cell membrane via the anchor. Such membrane-bound recombinant protein can be purified by 
disrupting the cell membrane by treatment with an appropriate detergent (e.g. NP-40. Triton X-100. 
octylglycoside) and then proceeding in the same manner as described above. Alternatively, a recombinant 

ss protein bound t th cell membrane via th PI anchor can be solubilized by an appropriate treatment for PI 
anchor cleavag . As the means of PI anchor cleavage, there may be mentioned, for exampl . cleavage with 
phosphatidylinositol-specific phospholipase C (PI-PLC) and cleavage with phosphatidylinositol-specific 
phospholipase D (PI-PtD). The recombinant protein solubilized by the above treatment is released into the 
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cell cultur supernatant and therefore can be purified in the same mann r as d scribed above. 

A recombinant protein produced in the c II can be purified by disrupting the cell membrane by 
treatment with an appropriate deterg nt. as in the case of membrane-bound recombinant proteins, to 
thereby cause release of the recombinant protein into the solution phase and then proceeding in the same 
manner as mentioned above. 

The activity of the thus-purified recombinant human MACIF. soluble recombinant human MAC1.- or 
recombinant modified human MACIF proteins can be identified, for example, by measuring of reactive lysis 
[Thompson. RA et al.. Journal of Experimental Medicine . 131. 629-641 (1970) and Lachmann. PJ. et al.. 




journal of Expenmental M edidner13l7 ^43=857 (197 0 ) ] i n hib&ng-^ti^^ 

l0 urine foregoing, the genes according to the present invention, the vectors for the expression of the 

genes and the transformed microorganisms and cells capable of allowing the expression of the genes as 
well as the methods for their preparation have been described. As a result of the present invention, the DNA 
sequence of the human MACIF gene has been determined for the first time and at the same time genes 
coding for modified human MACIF proteins practically useful as drugs have been provided. Thus, it is now 
is possible to produce a pure and rtomogeoeous grade of human MACIF or a modification thereof in large 
quantities by using the recombinant DNA technology. 

*~ Human MACIF and modified human MACIF proteins are of the human origin. Therefore, they have no 
antigenicity and their toxicity is low. They can prevent cells and tissues from bein^dama oed as a result of 
MAC formation in the last stage of comptement activation. Thus, they can be ^used advantageously^as 
Eerapeutic agents" for various SseasSnrffS^^ 

oTa"Smj^ 

111 al lergy . < ^ w .^^.. 7 ^^ 
"^ "FurthWm ore. not J^Jf^ 

reqSatir^c omp^ en 'l^^^^^'^ii^^ r^o gto^nuria (^NH)^^!^" ' n Various 

in 

"trve 



pr^ns^erived therefrom. monoclonal or porycton5"antibd^es^specific to human MACIF or a modification 
thereof, human MACIF or modified human MACIF protein DNAs and. further. DNAs complementary to the 
human' MACIF orjrwdified^ 
merr tioned diseases. 

"^fK^^Sgelorm of human MACIF or modified human MACIF proteins may vary depending on the 
diseases, symptoms and patient's conditions. Generally, however, non-oral dosage forms, such as injec- 
tions, nasal preparations, suppositories and implants, are used for systemic administration, while intraar- 
ticular preparations and preparations to be implanted into affected sites, for instance, are used lor local 
administration. 

In preparing these dosage forms, compositions suited for the respective forms are used. In preparing 
injections, human MACIF or a modified human MACIF protein is dissolved in phosphate-buffered physiologi- 
cal saline or an aqueous dextrose solution, for instance, and. after addition of a stabilizer, a dispersant 
and/or the like, as necessary, distributed into ampules or lyophili2ed in vials. In the latter case, the 
40 preparation is reconstituted prior to use by dissolving in distilled water for injection or physiological saline. 

The daily dose of MACIF for human adults is generally within the range of 100 ug to 5.000 mg. 
preferably within the range of 1 mg to 500 mg. Such daily dose is administered in a single dose or in 
divided doses. 



HI' ''y w- • 'jr -w- — • ~ M T~ ' I f # mihi j i .i i i in,. | |, ... . i ,« m .i r - - — — — ' - - ' - " >.~-".^ 

imafory "or ^'atr^'fnur^rsea ^ accompanied by ce"jind^ 

8 ^ O Therefore, human MACIF and modified 

>ZZ1~LZL ~*~^*i~s->i ~ ^ k,/- « Tr * ntk Krwfi \ r*w~rfir tn human MAC IF or a modification 
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Dosage form preparation example 

A solution of 5 g of MACIF in 100 ml of physiological saline is subjected to aseptic filtration and then 
distributed in 2-ml portions into vials. Lyophilization gives a preparation for injection, each vial containing 
100 mg of MACIF. 



EXAMPLES 



(1) Determination of N-terminal and C-terminal amino acid sequences of a purified sample of naturally 
occurring human MACIF: 
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1) N-terminai amino acid sequence determination 

A purified sample of naturally occurring human MACIF (18 kilodartons) was reduced in th conventional 
manner with 2-mercaptoethanol in the presence of 8 M urea, then S-carboxy methylated with iodoacetic 
s acid, and analyzed for its N-terminai amino acid sequenc using a gas phase protein sequencer (mod I 
470A. Applied Biosystems, U.S.A.). The result was as follows: 

1 2 3 4 3 6 7 8 9 1-0 

NH 2 -Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr 
to • 



2) C-terminaJ amino acid sequence determination: 

A 0.8 mg portion of the purified sample of naturally occurring human MACIF was reduced in the 
conventional manner with drthkrthrertol in the presence of 6 M guanidine hydrochloride and S-carbox- 
ymethylated with icdcacetic sckJ. The alkylation mixture was dialyzed against distilled water overnight at 
4* C and the diary zate was concentrated to 0.5 ml using a centrifuge-type reduced-pressure concentrator. 
The whole carboxy methylated human MACIF solution was buffered by addition of 1 M Tris hydrochloride 
buffer (pH 8.0). Then, a solution of 100 ug of Pronase (CaJbiochem) in 20 ul of 50 mM Tris hydrochloride 
buffer was added to the solution, and the reaction was allowed to proceed at 37* C for 22 hours. 

A chkxoform-methanol (1:1) mixture (0.5 ml) was added to the reaction mixture. After thorough shaking, 
the whole mixture was centrifuged, whereupon it sepaiated into a transparent upper layer, a cloudy middle 
layer and a transparent tower layer. A portion of each layer was taken, hydrolyzed with 6 N hydrochloric 
add and analyzed in the conventional manner using a Pico tag work station equipment (Waters. U.S.A.). 
Ethanoiamine was detected in the middle layer. It was thus revealed that the middle layer contained a 
Pronase digestion fragment with a PI anchor attached at the C terminus. The middle layer (600 ul) 
containing the above PI anchor-attached C-terminaJ fragment was ryophilized. \2 ml of a water :n-butanol:1 
N hydrochloric acid (600:600:3) mixture was added and, after thorough shaking, the mixture was cen- 
trifuged. Hydrolysis was performed with 6 N hydrochloric acid in the same manner as described above and 
analyzed using a Pico tag work station equipment. Ethanolamine was detected in the butanol layer (upper 
layer). An equal volume of n-butano^saturated 5 mM hydrochloric acid was added to the upper layer, the 
mixture was shaken and then centrifuged and the upper layer was separated. This extraction procedure with 
acidic butanol was repeated twice in ail. 

Half of the final n-butanol layer was subjected to amino acid sequence determination using the protein 
sequencer mentioned above. 

As a result, the following sequence was found: 

72 73 74 75 76 
NH 2 -Asn-Glu-Gln-Leu-Glu 



«s this covers from the 72nd to the 76th amino acid residue in the sequence shown in Fig. 2. No amino acid 
residue was detected behind the 76th,amino acid residue (Glu). The above facts indicated that erythrocyte- 
derive6. naturally occurring human MACIF has the PI anchor attached to the Glu which is the 76th amino 
acid residue from the N terminus. 

so 

(2) Preparation of oligonucleotide probes for detecting cONA clones coding lor human MACIF: 

Based on the amino acid sequence revealed in the above section (i), 15-mer and 17-mer mixed 
deoxyoligonucleotide probes complementary to the mRNA regions coding for amino acid residues Nos. ♦ i 
ss to ♦ 5 and +4 to ♦ 9. respectively, wer chemically synth sized by the phosphoamidite m thod using a 
model 380A DNA synthesiz r (Applied Biosystems) and labeled with W P at the 5 end. 

Th 15-m r mixed probe (hereinafter referred to as "Ml probe") had the nucleotide sequences: 
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5 • -AATGTTACAATATTA-3 * (32 sequences) and 
C C G G G 



5 1 -G AAGTTAC AATATTA- 3 ' (64 sequences) 
G C G G G 
T 

C 



white the 17-mer mixed probe (hereinafter referred to as "M4 probe*) had the nucleotide sequences 

5 9 -ATATTAACAGGATTAGG-3 1 (64 sequences). 
G G G G G 
T 
C 
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(3) Preparation of a human monocyte cONA library: 



Recombinant piasmkJs were constructed by the Okayama-Berg method (vide supra) starting with mRNA 
derived from immune complex-stimulated human peripheral blood monocytes and the commercially 
23 available plasmid vector pGEM4 (Promega). The recombinant plasmtds thus constructed had cONA inserted 
between the Kpnl cleavage site and Sacl cleavage site of the murtidoning sites occurring between the SP6 
promoter regionand T7 promoter region of pGEM4. The directionality of cONA was such that the Kpnl side 
(T7 promoter side) was on the 3 side of mRNA and the Sacl side (SP6 promoter side) was on the 5 side 
of mRNA. 

oo The recombinant plasmid mixture thus obtained was used to transform E. coli HB101 competent cells 
(Takara Shuzo) and a cDNA library comprising about 400,000 transformants was obtained. 

(4) Cloning of human MACIF cONA: 

35 

For isolating a transformant harboring a plasmid containing cDNA coding for human MACIF. the human 
monocyte cONA library obtained as described in section (3) was subjected to colony hybridization using the 
synthetic oligonucleotide probes prepared as described in section (2) to detect clones hybridizing with both 
of M1 and M4 probes. A clone containing the longest cDNA (about 2.000 bp) was selected and. for the 
40 plasmid pGEM 352-3 isolated therefrom, a partial base sequence of the cDNA portion was determined by 
the dideoxy method (vide supra) using the plasmid vector and by the 7-0EA2A method (vide supra). The 
thus-determined cONA sequence (about 500 bp) from the SP 6 promoter side (5 side of mRNA) of pGEM4 
is shown in Rg. 1 . 

In the cONA sequence of the pGEM352-3 clone, there is a sequence coding for the N-termmal ten 
* amino acid residues of the purified human MACIF described in section (1). with the translation initiation 
codon ATG at a site corresponding to amino acid residue No. -25 upstream from the N terminus and the 
translation termination codon TAA at a site corresponding to the «■ t04th amino acid residue downstream 
from the N terminus. The open reading frame thus formed codes for a protein comprising 128 ammo ac:d 
residues. It is strongly suggested that the amino acid sequence corresponding to the region of -25 to -1 
50 should be the so-called secretion signal sequence very rich in hydrophobicity. 



(5) Expression of human MACIF cONA in oocytes and confirmation of its biological activities: 

55 The above-mentioned pGEM352-3 clone was used for in vitro transcription of its cONA portion into 
mRNA utilizing the SP6 promoter occurring upstr am from th cDNA in th presence of SP6 RNA 
polymerase. In parall I. th plasmid from a human IL-lo cONA-containing clone was also used for in vjtro 
transcription int mRNA. Aft r microinjection of thos mRNAs together with TE buffer (10 mM Tris-HCl. pH 
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8.0. 1 mM EDTA). a solvent therefor, into Xenopus laevis oocytes, in vitro translation was eft ct d by 
incubating the oocytes at 20 *C for 48 hours in modified Barth's medium {Gurdon. J.B.. Th_ Control of 
Gene Expr ssion in Animal Dev lopment , Oxford University Press. (1974)] (with 0.1 uCi/ul of 35 S-Cys 
added in the case of immunoprecipitation). The oocytes wer then disrupted by sonication in a solution 
containing 0.01% Nonktet P40 (NP40) (Sigma. USA) and centrifuged. The middle aqueous lay r 
(hereinaft r ref rred to as "translation product") was subjected to immunoprecipitation and activity m asure- 
ment 



to 1) Reactivity of translation products with antibodies (immunoprecipitation): 

Each translation product was reacted with rabbit anti-human MACIF polyclonal antibody or rabbit anti- 
human TNF polyclonal antibody, the antibody was bound to PANSOR8IN ( Staphylococcus aureus cells. 
Hoechst West Germany), the binding mixture was centrifuged. the sediment was washed three times with 
ts binding buffer (AnVgef Protein A MAPS-II kit Bic-Rad. U.SX) and then centrifuged with 0.17 M glycine 
hydrochloride (pH 3.0), and the supernatant was measured for *S-Cys using a liquid scintillation counter 
(TRJ-CARB 460. Packard, U.SA). ft. was revealed, as shown below in Table 1. that only the translation 
product obtained by submitting pGEM352-3 to the in vitro transcription/translation system can react 
specifically with the rabbit anti-human MACIF polyclonal antibody. 

30 

Table 1 



25 



JO 





»S-Cys Radioactivity (cpm) 


RNA 


Anti-Human 


Anti-Human 




MACIF 


TNF 


TE 


254 


222 




235 


208 


352-3 


1577 


381 




1249 


278 


IL1-a 


165 


169 




218 


410 



2) Biological activity of translation products: 



2-1) Partial purification on an anti-human MACIF antibody column 

The above translation products were adsorbed each on an antibody column prepared by binding a 
45 purified mouse monoclonal anti-human MACIF antibody to activated Sepharose 4B (Pharmacia. Sweden). 
The column was then washed thoroughly with phosphate-buffered saline (PBS) containing 0.1% NP40 and 
with 2 M aqueous solution of sodium chloride containing 0.1% NP40. 

The translation product adsorbed on each antibody column was eluted with 3 M aqueous solution of 
sodium thiocyanate containing 0.1% NP40. After buffer exchange for SGVB J * containing 0.01% NP40. the 
so eluate was used for activity measurement. The SGVB 2 " buffer mentioned above has the following 
composition: 0.1% gelatin, 5 mM sodium barbiturate buffer (pH 7.4). 8.56% sucrose. 0.15 mM calcium 
chloride. 1 mM magnesium chloride. 



55 2-2) Activity assay of translation products: 

Human C5-C6 complex (stored frozen and thawed before use: C £5~ n was prepared from human C5 
and C6 by th m thod of Dessauer et al. [Dessauer. A. et al.. Acta Pathologica Microbiologica Scandinavia . 
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Section C. Supplem nt 284, 92. 75-81 (1984)] and admixed with a guin a pig rythrocyte suspension (10' 
cells/ml), and th mixture was incubated at 33* C for 5 minutes. Then, after addition of C7. incubation was 
performed further for 15 minutes to give a guinea pig erythrocyte-human complement C5-7 complex 
(hereinafter referred to as *EC5-7 intermediate*). The EC5-7 intermediate suspension (1.5x10* /ml) was 

s admixed with Ca C9 and a sample solution to make the totai volume 1 ml (1.5*10' /ml). Incubation was 
carried out at 37 * C for 1 hour. In parallel, a control suspension prepared in the same manner but without 
addition of any sample solution was incubated simultaneously. The reaction mixture was centrifuged at 

2 .Q00 x g for 5 minu teST-foe-supernatant-w^ 

percentage calculation. Thus, the number of sites (Z) per erythrocyte was calculated by the method of 

io Hammer et al. (Hammer. C.H. et a!.. Journal of Biological Chemistry . 256. 3995-4005 (1981 )] and the ratio in 
percentage of the Z value to the Z value for the control was taken as an index of activity. 

No activity was observed with TE and ILl-a. each used as a control, while significant antihemolytic 
activity was observed with human MAC IF (Fig. 5). This activity was dose-dependent and was completely 
neutralized with a mouse monoclonal antibody to human MAC1F (Fig. 6). 

is ft is therefore evident that the cONA contained in the pGEM352-3 clone obtained in the above 
described (4) codes for human MACIF. 



(6) Construction of the expression vector pVYl: 

30 

The expression vector pVY1 was constructed as illustrated in Rg. 7. 

1) The DNA of the vector pAd026SV(A) No. 3 (obtained from Or. H. Handa: made known by the paper: 
Kaufman. RJ. and Sharp. P.A.. Molecular and Cellular Biology . 2. 1304-1319 (1982)1 was first cleaved with 
Bglll. followed by phenol-chlofoform extraction and ethanol precipitation. The precipitate thus obtained was 

2S dissolved in sterile distilled water, rendered blunt-ended in the conventional manner using Klenow enzyme 
(Boehringer Mannheim), then subjected to phenol-chtoroforrn extraction and ethanol precipitation, and 
dissolved in sterile distilled water, ft was further serMigated using a DNA ligation kit (Takara Shuzo). The 
ligation mixture was used to transform competent ceils of E. coli H8101. Ptasmid DMAs were obtained from 
tetracydine-resistant transformants. A portion of each of these DNAs was treated with Bgl ll and elec- 

oo trophoresed on a 0.7% agarose gel. In this way. a clone having no Bglll site any more, pAdD26SV(A) No. 3- 
(N). was obtained. 

The ptasmid DNA was then digested with EcoRI. followed by phenol-chloroform extraction and ethanol 
precipitation. The precipitate was dissolved irTsterite distilled water, and the EcoR* cleavage site was 
rendered blunt-ended using mung bean nuclease (Pharmacia), followed by phenol-chloroform extraction and 
35 ethanol precipitation. The precipitate thus obtained was dissolved in sterile distilled water. 

2) The pKSV10 (Pharmacia) DNA was cleaved in the conventional manner with the restriction enzymes 
Kpnl and Bam HI and then rendered blunt-ended using T4 DNA polymerase (Takara Shuzo) and Klenow 
enzyme. AtteT electrophoresis on a 0.7% agarose gel, the gel portion containing a fragment about 2.9 kbp 
in size was separated and the DNA was recovered by electroelution. 

40 3) The DNA fragment obtained as described in the above 1) and the DNA fragment obtained as 

described in the above 2) were ligated together using a DNA ligation kit and the ligation mixture was used 

to transform competent cells of E. coli HB101. 

Plasmid DNAs were prepared from tetracyciine-resi start transformants by a conventional method. A 

part of each plasmid DNA was digested with Pstl and the digest was subjected to 1.0% agarose gel 
45 electrophoresis. In this manner, the plasmid pVY1 giving bands at about 3.6 kbp. about 3.25 kbp and about 

1 .5 kbp was obtained. 

(7) Expression of human MACIF cDNA in CHO cells: 

so 

1) Construction of a human MACIF cDNA expression vector: 

Th plasmid pGEM352-3 was cleaved with the restriction enzymes Sacl and Hindi and a Sacl/Hincll 
55 0NA fragm nt of about 425 base pairs was isolated and purified by agarose gel electrophoresis. This DNA 
fragment was rendered blunt-ended by tr atment with mung bean nuclease. 

pVYl obtained as d scribed in th above (6) was used as the expression vector for use in CHO cells. 
Thus. pVY1 was cl aved with Bglll and treated with mung bean nucl ase to r nder blunt the BglH cleavage 
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nd The r suiting blunt-ended DMA was ligated with the above-mentioned blunt-ended Sacl/Hjncll ONA 
fraoment using T4 ONA ligase and the ligation mixture was used to transform E. coli HB101 t give 
t 7acvcline-resistant transtormants. Plasmids were pr pared fr m them by the alkaline bactenolytic m thod 
fBimboim HC and Oolly. J.. Nucleic Acids Research . 7. iSt3-tS23 (1979)1 and subjected to r stricton 
enzyme analysis using PstJ andloToTCTmi. way. a piasmid capable of allowing expression of the gene 
in question was s looted out. 



to 



30 
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2) Confirmation of the expression of the human MAetF-gene-in-GHO-Gells^- 

The expression piasmid constructed in the above manner was transfected into DHFR-deficient CHO 
cells flrtaub. Q. and Chasin. LA.. Proc. Nafl. Acad. So. USA. 77. 4216-4220 (1980)) by thecatoum 
phosphate method (vide supra). A traTstormant growing on a selective medium (MEM alpha (-). G.bco) was 



^TN? transformant CHO cell strain was grown on the selective medium and 5 x10 s cells thereof were 
washed three times with phosphate-buffered saline (PBS) and suspended in 500 urofthe .culture 
suoematant obtained by cultivating hybridoma cells capable of producing a monoclonal antibody (kjGl) to 
human MACIF. The reaction was allowed to proceed for 1 hour with tee cooling. In parallel, a «"**™ 
was carried ©- •» m* same manner using the culture supernatant resulting from cuttrvation of hybndoma 
cells capable of producing a monoclonal antibody (IgGl) to human protein S. After reaction, the cells wars 
washed three times with PBS containing 2% total caH serum and 0.1% sodium azic* (hereinafter reared to 
as 'washing solution-), and then allowed to react, in a concentration of 1x10* cells/ml. wrth FITC 
(fluorescein isothiocyanateHabeled antHT>oos« immunoglobulin (Amersham Japan) 50-fold diluted w.th the 
same washing solution, for 30 minutes with ice cooling. The cells were then washed three times w.th the 
2£ solulon and analyzed with a flow cytometer (EPICS PROFILE. Coulter. U.SA). When me ant,- 
humanMAClF antibody was used, the fluorescence intensity was found shifted to a higher level, as shown 
in Fkj. 8 (a and b). indicating the binding of the antj-human MACIF antibody to the cells. N was thus 
confirmed that the transformed CHO cells had expressed human MACIF. 

Furthermore, the transformed CHO cells were washed wrth PBS. then 
phosphatidylinositol-specific phospholipase C (Pl-PLC. Funakoshi. Sapporo Brewenes) at ^ c •* » 
minutes washed three times with "the washing solution and subjected to fluorescent stammg wrth , the ant.- 
human MACIF monoclonaJ antibody and with the FITC-bbelled anfrmouse immunoglobul.n .n me same 
manner as above. As seen in Fig. 8c. the fluorescence intensity lowered to the control level upon treatment 
^ Pl-PLC indicating me release of human MACIF expressed in me transformed CHO cells from the 
membrane upon treatment with Pl-PLC. It was thus confirmed that me human MACIF expressed on the 
transformed CHO cells had been expressed on me cell membrane as a PI anchored protein suscepfble to 
cleavage with Pl-PLC. 

3) Biological activity evaluation of the protein resulting from the expression of human MACIF cDNA in CHO 



x 
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cells: 



For confirming me biological activity feature of human MACIF expressed in me transformed CHO cells 
mentioned above, transforms CHO cell were prepared in large quantities by cultivation thereof, washed 

« Tm PBS and so.ubi.ized by treating the cells overnight at 4* C w,«h NP40 a, 2% in PBS mnng var.ou^ 
oroteinase inhibitors fj mM benzamidine. 2 mM phenylmethylsulfonyl fluonde (PMSF) 2 mM 
XSarni^etraacitic acid (EDTA) and 2 mM ethylene g.yco. bis(*-aminoe«hy. eth er|NXN J l • 
tetraacetic acid (EGTA). all obtained from Sigma). Each supernatant obtained by centrfugafton (12.000 rprn^ 
30 minutes) was partially purified by me method mentioned hereinabove under (5>-2-l) usmg an ant.-human 

so MACIF monoclonal antibody column and men subjected to biological activity evaluation. 

The MAC formation inhibiting activity (reactive lysis inhibiting activity) of me human MACIF part.ally 
purified from me transforms CHO cells was evaluated by the method described under (5)-2-2). As shown 
£fin 9 the human MACIF expressed in the CHO cells exhibited MAC formation inhibrang actmty. wh.ch 
was dose-dependent This inrubitory activity was neutralized by a mouse monoclonal antibody to human 

M ^^eTsurc. F 'ar,y indicate ma, me human MACIF expressed in CHO cells is equivalent in 
activity to human rythrocyte-denved MACIF. 
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(8) Expression in Escherichia coli of a g n coding for a modifk*d human MACIF protein 

1) Construction f a modified human MACIF protein expression vector and expression in Esch richia coli 

t-t) Preparation of a vector for expression in Escherichia coli 

Tfte-yectorn)¥EdQ3^Phafmsd^ wa s c leaved wit h the. 

restriction enzyme Hind i! I, and the vector main body containing the origin of replication and the promoter 
for expression of the gene in question was isolated and purified by agarose gel electrophoresis and then 
treated with aikaiine phosphatase for terminal phosphate group elimination. 

The DNA fragment to be inserted into the vector, inclusive of the SO sequence, modified human MACIF 
protein gene and transcription terminator, was prepared in the following manner. 

1-2) Preparation of an insert DNA fragment for the expression of a modified human MACIF protein (El 03) 
comprising the peptide sequence up to the 103rd amino acid residue 

pGEM352-3 was cleaved with the restriction enzymes Psti. Hindi and Bam HI and a DNA fragment of 
about 310 base pairs was isolated and purified by agarose gel electrophoresis. Separately, the synthetic 
DMAs 8 and C shown by the following formula (VI) were terminally phosphoryiated using polynucleotide 
kinase. 

SD BOX 

5 # -AGCTTACACA TAAGGAGA TCGAATTCATGCTGCA- 3 ' A 
3 1 - ATGTGT ATTC CT CTAGCTTAAGTACG - 5 ' B 
HindUI PstI 
TRP A TERM 

5 ' -GGGAGCCCGCCTAATGAGCGGGCTTTTTTTTA- 3 • C 
3 ' -CCCTCGGGCGG ATTACTCGCCCGAAAAAAAATTCG A- 5 1 D 

HindUI 

(VI) 

The synthetic DNA A (shown above) and the phosphoryiated B were heated to 90 "C and then slowly 
cooled down to 16* C for annealing. The phosphoryiated C and the synthetic DNA D (shown above) were 
treated in the same manner for annealing. The two DNA annealing products and the previously prepared 
DNA of about 310 base pairs were ligated together using T4 ONA ligase. and a DNA fragment of about 375 
base pairs containing the region coding for the modified human MACIF protein E103 was isolated and 
purified by agarose gel electrophoresis. 

1-3) Preparation of an insert DNA fragment for the expression of a modified human MACIF protein (E86) 
comprising the peptide sequence up to the 86th amino acid residue 

The previously prepared ONA fragment of about 310 bas pairs was cleaved with the r striction 
enzym Mboll and a DNA fragment of about 250 base pairs was isolated and purified by agarose gel 
lectrophoresis. 
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Separately, two (B and C) of the four synthetic ONAs of the formulas (VII): 

SD BOX 

5 5 • -AGCTTACACATAAGGAGATCCAATTCATGCTGCA- 3 ' A 

3 * -ATGTGTATTCCTCTAGCTTAAGTACG-5 1 B 



to 



HindHI Pst I 

TRP A TERM 

5 1 -AAACATGATCAAGCCCGCCTAATGAGCGGGCTTTTTTTT A- 3 ' C 
l5 3 • -TTTTGTACTAGTTCGGGCGG ATT ACTCGCCCG AAAAAAAATTCGA- 5 1 D 

Hind HI 
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were terminaily phosphorylated using polynucleotide kinase. A and the phosphorylated B were heated to 
90"C and then gradually cooled to 16* C for effecting annealing. The phosphorylated C and un- 
phosphorylated D were treated in the same manner for annealing. The two annealing product DNAs and the 
previously prepared DMA fragment of about 250 base pairs were ligated together using T4 ONA ligase and 
a ONA fragment of about 325 base pairs containing the region coding for the modified MACIF protein E86 
was isolated and purified by agarose gel electrophoresis. 

1-4) Preparation of a vector for the expression of the modified human MACIF protein in Escherichia coli and 
transformation therewith: 

The thus-prepared two ONA fragments were terminally phosphorylated using polynucleotide kinase and 
then ligated with the separately prepared vector main body using T4 ONA ligase. The ligation mixture was 
used to transform E. coli K12JM109. Plasmids were prepared from the transform ants obtained by the 
alkaline method (vide supra) and analyzed using restriction enzymes (e.g. by cleavage with Pst I), and a 
plasmid whh the gene in question inserted therein in the direction enabling the gene to be expressed was 
selected out. 



1- 5) Expression and cultivation: 

One volume of 2xYT medium (16 g of Bactotryptone. 10 g of yeast extract and 5 g of sodium chloride 
per liter) supplemented with 100 ug/ml of ampicillin was inoculated with 1/50 volume of a preculture of a 
recombinant E. coli strain allowing expression of the gene in question. Then, culture was shaken at 37 C 
and the recombinant E. coli strain was grown until cell density had reached about 5xl0 7 /ml. and then 
isopropyl thiogaiactopyranoside was added in a concentration of 2.5 mM. After further 16 hours of 
cultivation, cells were harvested. 

The cells collected were suspended in PBS containing 2 mM EDTA. 2 mM EGTA, 1 mM benzamidine. 
2 mM phenylmethylsulfonyl fluoride (PMSF) (alt purchased from Sigma) and disrupted using a Manton- 
Gaulin homogenizes 

2) Purification of the protein resulting from the expression of the modified human MACIF protein gene in 
Esch richia coli and biological activity assay: 

2- 1) Purification: 



21 



EP 0 394 035 A2 



The Escherichia coli cell disruption product prepared as described above was centrifuged (12,000 rpm. 
30 minutes) and the sedim nt was stirTed overnight at 4* C in the presence of 6 M guanidin hydrochloride 
for solubilization. 

The remaining insoluble matter was removed by centrifugation und r th same conditions as m ntion d 
above. The expression product protein (E 103 or E86) contained in the supernatant was reconstituted by 
treatment in the pr sence of oxkJlzed-form and reduced- form glutathione (Sigma) according to the method 
of Winkler and Blaber [Winkler, M.E and Btaber. M M Biochemistry , 256 . 4041-4045 (1986)]. 

The-reconstrtubon mixture was thoroughly diaiyzed against 10 mM Tris buffer (pH 8.0) and then purified 
bya pp l icatio n^o-Q^Sepharose (Pharmact a) preequi l ib rat ed -w rth the -same-buffef: 

2-2) Activity of the modified human MACIF protein (E103): 

As shown in Fig. 11. the reactive lysis inhibiting activity data obtained by the method described in 
section (5)-2-2) showed two peaks. However, the second activity peak (around fraction No. 25) alone was 
partially neutralized by the anti-human MACIF monoclonal antibody. 

As shown in Fig. 12, pofyacrytamide gel electrophoresis performed in the presence of sodium dodecyl 
sulfate (SOS-PAGE) gave a main band in accord with the second activity peak. Therefore, these activity 
fractions were further purified on anti-human MACIF antibody column and reactive lysis inhibiting activity 
was measured in the same manner. As shown in Rg. 13, the purified expression product protein (E103) 
snowed antihemolytic activity in a dose-dependent manner and the inhibitory activity was completely 
neutralized by the anti-human MACIF monoclonal antibody. 



2-3) Activity of the modified human MACIF protein (E86): 

Unlike the case of E 103, the activity data obtained failed to show a main peak of activity neutraJizable 
by the antibody (Fig. 14). However, based on the results of SOS-PAGE analysis as shown in Rg. 15. the 
main band-containing fractions (Mos. 26-30) were purified on an anti-human MACIF antibody column, 
followed by reactive lysis inhibiting activity measurement As shown in Fig. 16. the purified expression 
product protein (E86) showed antihemolytic activity in a dose-dependent manner. Furthermore, the inhibi- 
tory activity was completely neutralzed by the antibody. 

The above results indicate that the modified human MACIF protein expressed in Escherichia coli has 
the same activity as that of human erythrocyte-derived MACIF and that human MACIF can exhibit reactive 
lysis inhibiting activity even when it has no carbohydrate chain or no PI anchor. 

(9) Expression of the gene coding for a modified human MACIF protein in CHO cells and confirmation of its 
biological activity: 

1) Expression of a modified human MACIF protein (C86) in CHO cells: 

1-1) Construction of a recombinant plasmid for expression in CHO cells: 

The plasmid pVYl obtained in section (6) was used as the vector for expression in CHO cells. Thus, 
pVY1 was cleaved with Bglll and submitted to the following recombinant plasmid construction. 

pGEM352-3 was cleaved with Eco0l09l and Styl and ligated with a synthetic DNA of the formula (VIII) 
phosphorylated at the Styl cleavage site and a synthetic DNA of the formula (IX) phosphorylated at the 
Eco0l09l cleavage site, using T4 ON A ligase. 
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Bgl II Sty I 

5 1 -GATCTATGGG AATC- 3 * 

3 ' -ATACCCTTAGGTTCp- 5 ■ 
(VIII) 



10 



Eco0109 I 

5 * -pGACCTGTGTAACTTTAACGAACAGCTTGAAAAT 
3 ' -GACACATTGAAATTGCTTGTCGAACTTTTA 



» Bgl II 

GGTGGG ACATCCTTATCAG AG AAAACATG A- 3 1 
CCACCCTGTAGGAATAGTCTCTTTTGTACTCTAG-5 ' 
(IX) 



25 



A ONA fragment of 341 base pairs was then isolated and purified by agarose gel electrophoresis. This DNA 
jo fragment was ligated with the Bgm-cleaved pVYl using T4 ONA ligase and the ligation mixture was used to 
transform E. coii HB101 to give tetracycline-resistant transformants. Plasmids were prepared therefrom by 
the alkaline bacteriolytic method and analyzed using restriction enzymes (Pstl etc.) and a recombinant 
expression ptasmid for the gene in question was selected out. 
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1-2) Confirmation of gene expression in CHO cells: 



DHFR-defident CHO cells (vide supra) were transfected with the expression plasmid constructed in the 
above manner by the calcium phosphate method. A transformant strain capable of growing in a selective 
40 medium (MEM alpha (-). Gibco] in the presence of methotrexate was obtained and used in the subsequent 
studies. 

10* CHO cells transformed in the above manner were cultured and the culture supernatant was 
subjected to affinity chromatography using an anti- MACIF monoclonal antibody column and following the 
procedure described in section (5>-2-1). Fractions bound to this antibody column were etuted with 3 M 
45 aqueous solution of sodium thiocyanate. Each eluate fraction was desalted on a PD-10 column (Pharmacia) 
and evaluated for the presence or absence of antigen by competitive ELISA using a rabbit anti-natural ly 
occurring human MACIF antibody. As a result, it was confirmed that a human MACIF antigen was present in 
a 'bound" fraction in the above<affiniry chromatography. 

This result proves that a modified human MACIF protein comprising the peptide composed of the 1 st to 
so 86th amino acid residues had been successfully expressed in CHO cells in accordance with the invention. 

2) Expression of a modified human MACIF protein (C82) in CHO cells: 



2-1) Construction of a recombinant plasmid for expression in CHO c lis: 

Th procedur of (9H-1) w *s repeated except that a ONA fragment of the formula (X) phosphoryiated 



23 



EP 0 394 035 A2 



at the EcoOIOSI sit was used in expr ssion plasmid constaiction. 

Bgl II Sty I 

5 ' -CATCTATGGGAATC-3 ' 

3 ' -ATACCCTTAGGTTCp-5 ' 



(VIII) 

ECO0109 I 

5 ' -pGACCTGTGTAACTTTAACGAACAGCTTGAAAAT 
3 ' -GACACATTGAAATTGCTTGTCGAACTTTTA 

Bgl II 
GGTGGG ACATCCTTATGA- 3 ' 
CCACCCTGTAGG AATACTCTAG - 5 ' 
(X) 



2-2) Confirmation of gene expression in CHO cells: 

The procedure ot OH -2) was followed and a human MACIF antigen was detected in the culture 
supernatant obtained with CHO cells transformed with the above-mentioned recombinant vector. This result 
indicated that a modified human MACIF protein comprising the peptide composed of the 1st to 82nd am.no 
acid residues had been successfully expressed in CHO cells in accordance with the present invention. 

3) Expression of a modified human MACIF protein (C77) in CHO cells and confirmation of its biological 
activity: 



3-1) Construction ot a recombinant plasmid lor gene expression in CHO cells: 

The plasmid pVYI obtained as described in the above (6) was used as the vector for gene expression 
in CHO cells pVYI was cleaved with Bglll and submitted to the following recombinant plasmid construction. 

PGEM352-3 was cleaved with E5o0l09l and Styl and ligated with a synthetic ONA fragment of the 
formula (VIII) phosphorated at the"Styl cteavagelite and a synthetic ONA fragment of the formula (XI) 
phosphorylated at the Eco0109l cleavage site, using T4 DNA ligase. 



Bgl II Sty I 

5 ' -GATCTATGGGAATC-3 ' 

3 * -ATACCCTTAGGTTCp-5 ' 
(VIII) 
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Eco0l09 I 
5 1 -pGACCTGTGTAACTTTAACGAACAG 
5 3 ' -GACACATTGAAATTGCTTGTC 

Bgl II 

CTTG AAAATTG A - 3 • 

to 

GAACTTTTAACTCTAG-5 ' 

(XI) 

A DMA fragment of 314 base pairs was then isolated and purified by agarose gel electrophoresis. This ON A 
fragment was Ugated with the Bgltt-cieaved pVYl using T4 ONA tigase and the ligation mixture was used to 
transform E. coti HB101 to give tetracycfine-fesistant transformants. Plasmkis were prepared from these by 
the alkaline bacteriolytic method and analyzed by using restriction enzymes (Pst! etc.) and a recombinant 
30 plasm kJ capable of expression of the gene in question was selected out. 

3-2) Confirmation of gene expression in CHO cells: 

25 DHFR-deficient CHO cells (vide supra) were transfected with the expression plasmid constructed in the 
above manner by the calcium phosphate method and a transform ant capable of growing in a selective 
medium [MEM alpha (-) Gibco] in the presence of methotrexate was isolated and used for further studies. 

10* CHO celts transformed by the above method were cultured and the culture supernatant was 
subjected to affinity chromatography using an anti-MACIF monoclonal antibody column and proceeding as 

30 described in (5)-2-1). Fractions bound to this antibody column were eluted with 3 M aqueous solution of 
sodium thkxyanate and etuate fractions were desalted on a PO-10 column (Pharmacia) and assayed for the 
presence or absence of antigen by competitive EUSA using a rabbit anti-MACIF antibody. The presence of 
a MACIF antigen was confirmed in a "bound" fraction in the above affinity chromatography. 

This result indicates that a modified human MACIF protein comprising the peptide composed of the 1st 

35 to 77th amino acid residues had been expressed successfully in CHO cells. 

3- 3) Confirmation of biological activity: 

40 A sample of the modified human MACIF protein C77 as partially purified from the culture supernatant 
resulting from mass culture of the transformed CHO cells by the purification procedure described m the 
above (9>-3-2) was subjected to buffer exchange for SGVB 2# . followed by MAC formation inhibiting activity 
assay, which was performed as described in (5)-2-2). As shown in Fig. 17, the modified human MACIF 
protein C77 expressed in CHO cells showed MAC formation inhibiting activity in a dose-dependent manner. 

45 The inhibitory activity was neutralized by a mouse monoclonal antibody to erythrocyte-derived, naturally 
occurring human MACIF. 

From the above results, it is evident that the modified human MACIF protein C77 expressed in CHO 
cells and secreted into medium has the same activity as that of human erythrocyte-derived, naturally 
occurring MACIF. 

50 

4) Expression of a modified human MACIF protein (C76) in CHO cells and confirmation of its biological 
activity: 

55 

4- 1) Construction of a recombinant plasmid for gene expression in CHO cells: 

The procedure was th same as that described in (9H-M except that a ONA fragment of the formula 
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(XII) phosphorylated at the Eco0l091 sit was used in expression plasmid construction. 

Bgl II Sty I 
5 ' -GATCTATGGCAATC-3 * 
3 ' -ATACCCTTAGGTTCp- 5 ' 



to 



fS 



20 



(VIII) 

Eco0109 I 
5 * -pGACCTGTGTAACTTTAACGAACAG 
3 1 -GACACATTGAAATTGCTTGTC 

Bgl II 
CTTGAATGA-3 ' 
GAACTTACTCTAG-5 1 

. (XII) 



30 



35 



4-2) Confirmation of gene expression in CHO cells: 

By following the procedure of (9)- 1-2, a human MAC1F antigen was detected in the culture supernatant 
resufting from cultivation of cells transformed with the above recombinant vector. This result indicates that a 
modified human MAC IF protein comprising the peptide composed of the 1st to 76th amino acid residues 
had successfully been expressed in CHO cells. 

4- 3) Confirmation of biological activity: 

40 The culture supernatant resulting from mass culture of the transformed CHO cells was used for 
evaluating the MAC formation inhibiting activity of the modified human MACIF protein (C76) expressed .n 
CHO cells by following the procedure described in <9>-3-3). As shown in Fig. 18. C76 showed the activity in 
a dose-dependent manner. . , r7C * 

From the results mentioned above, it is evident that the modified human MACIF prote.n (C76) 

45 expressed in CHO cells and secreted into medium has the same activity as that of human erythrocyte- 
derived. naturally occurring MACIF. 

5) Expression of a modified human MACIF protein (C75) in CHO cells: 

50 

5- 1) Construction of a recombinant plasmid for gene expression in CHO cells: 

The procedure was the same as that described in <9H-D *cept that a DNA fragment of the formula 
55 (XIII) phosphorylated at the Eco0109I sit was used in expression plasmid construction. 
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Bgl II Sty I 

5 9 -GATCTATGGGAATC-3 • 

. S'-ATACCCTTAGCTTCp-S' 
(VIII) 



Eco0109 I Bgl II 

W 5 ' -pGACCTGTGTAACTTTAACGAACAGCTTTGA-3 • 

3 1 -GACACATTGAAATTGCTTGTCGAAACTCTAG-5 ' 

, 5 < XIII > 



5-2) Confirmation of gene expression in CHO cells: 

By following the procedure of (9H-2). a human MACIF antigen was detected in the culture supernatant 
obtained with cells transformed with the above-mentioned recombinant vector. This result indicates that a 
modified human MACIF protein comprising the peptide composed of the 1st to 75th amino acid residues 
had been successfully expressed in CHO cells. 



6) Expression of a modified human MACIF protein (C70) in CHO cells and confirmation of its biological 
activity: 

6-1) Construction of a recombinant piasmid for gene expression in CHO cells: 

The procedure was the same as that described in (9H-1) except that a ON A fragment of the formula 
(XIV) phosphorylated at the Eco0109I site was used in expression plasmid construction. 



Bgl II Sty I 

5 ' -GATCTATGGGAATC-3 ' 

40 

3 1 -ATACCCTTAGGTTCp-5 1 



(VIII) 



45 



Eco0109 I Bgl II 

5 1 -pG ACCTGTGTAACTGA- 3 * 

50 

3 ' -GACAC ATTGACTCTAG - 5 ' 
(XIV) 

55 



6-2) Confirmation of g n expression in CHO cells: 
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A human MAC1F antig n was detected, by the procedur cf (9H-2). in th culture supernatant obtained 

with cells transformed with the above recombinant vector. This < suit indicat 3 that a modified human 

MACIF prot in comprising th peptide composed of the 1st to 70th amino acid residues had been 
expressed succ ssfully in CHO cells. 



6-3) Confirmation of biological activity: 

The MAC formation inhibiting activity of the modified human MACIF protein (rj/u) expressea m CHO" 
io cells Was measured using the culture supernatant obtained by mass culture of the transformed CHO cells 
and following the procedure of (9>-3-3). As shown in Rg. 19. C70 showed the activity in a dose-dependent 

manner. _ _ 

From the results mentioned above, it is evident that the modified human MACIF protein (C70) 

expressed in CHO cells and secreted into medium has the same activity as that of human erythrocyte- 
rs derived, naturally occurring MACIF. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 

will be apparent to one skilled in the art that various changes and modifications can be made therein without 

departing from the spirit and scope thereof. 



20 

CUIms 



1. A gene coding for a peptide having human MACIF activity. 

2. A gene coding for a peptide having the following amino acid sequence: 

25 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


X-Leu 


Gin 


Cys 


Tyr 


Asn 


Cys 


Pro 


Asn 


Pro 


Thr 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


Ala 


Asp 


Cys 


Lys 


Thr 


Ala 


Val 


Asn 


Cys 


Ser 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


Ser 


Asp 


Phe 


Asp 


Ala 


Cys 


Leu 


He 


Thr 


Lys 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


Ala 


Gly 


Leu 


Gin 


Val 


Tyr 


Asn 


Lys 


Cys 


Trp 


' 41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


Lys 


Phe 


Glu 


His 


Cys 


Asn 


Phe 


Asn 


Asp 


Val 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


Thr 


Thr 


Arg 


Leu 


Arg 


Glu 


Asn 


Glu 


Leu 


Thr 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


Tyr 


Tyr 


Cys 


Cys 


Lys 


Lys 


Asp 


Leu 


Cys 


Asn— Y 



wherein 

X is H. Met or the following amino acid sequence: 
50 Met Gly He Gin Gly Gly Ser Val Leu Phe Gly leu Leu Leu Val Leu Ala Val Phe Cys His Ser Gly 

and 

Y is OH. the following amino acid sequence: 



55 
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71 72 73 74 75 76 77 78 79 80 

Phe Asn Glu Gin Leu Glu Asn Gly Gly Thr 

81 82 83 84 85 86 87 88 89 90 

Ser Leu Ser Glu Lys Thr Val Leu Leu Leu 



91 92 93 94 95 96 97 98 99 100 
Val Thr Pro Phe Leu Ala Ala Ala Trp Ser 

101 102 103 

Leu His Pro , or 

an amino acid sequence derived from this amino add sequence by deleting therefrom one to thirty-two 
amino acid residues from the C terminus thereof. 

3. A gene according to claim 2, wherein Y has the sequence 

71 72 73 74 75 76 77 78 79 80 
Phe Asn Glu Gin Leu Glu Asn Gly Gly Thr 

81 82 83 84 85 86 
Ser Leu Ser Glu Lys Thr , or 

71 72 73 74 . 75 76 77 78 79 80 
Phe Asn Glu Gin Leu Glu Asn Gly Gly Thr 

81 82 

Ser Leu , or 

71 72 73 74 75 76 77 
Phe Asn Glu Gin Leu Glu Asn . or 



71 72 73 74 75 76 

Phe Asn Glu Gin Leu Glu , or 

71 72 73 74 75 

Phe Asn Glu Gin Leu . 



4. A recombinant expression vector containing a gene according to ctaim 1. 2 or 3 wherein said gene is 
efficiently bound to a regulatory gene DNA capable of allowing expression of said polypeptide. 

5. A recombinant expression vector according to claim 4 which can be replicated and maintained in 
host cells in which the phosphatidylinositol anchor (PI anchor) can be attached to the C ternvnus of 

polypeptides. \ 

6. A cell transformed with recombinant expression vector according to claim 4 or 5. 

7. A peptide defined by the following amino acid sequence: 
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1 

X-Leu 

11 
Ala 

21 

Se-r- 



2 
Gin 

12 
Asp 

22 

-ASp- 



3 

Cys 

13 
Cys 

23 
Phe 



4 

Tyr 

14 
Lys 

24 

_A££. 



5 

Asn 

15 
Thr 

25 
Ala 



6 
Cys 

16 
Ala 

26 
Cys 



7 8 
Pro Asn 

17 18 
Val Asn 

27 28 
Leu lie 



9 10 
Pro Thr 

19 20 
Cys Ser 

29 30 
Thr Lys 



31 
Ala 


32 
Gly 


33 
Leu 


34 
Gin 


35 
Val 


36 
Tyr 


37 
Asn 


38 
Lys 


39 
Cys 


40 
Trp 


.41 
Lys 


42 
Phe 


43 
Glu 


44 

His 


45 
Cys 


46 
Asn 


47 
Phe 


48 
Asn 


49 
Asp 


50 
Val 


51 
Thr 


52 
Thr 


53 
Arg 


54 
Leu 


55 
Arg 


56 
Glu 


57 
Asn 


58 
Glu 


59 
Leu 


60 
Thr 


61 
Tyr 


62 
Tyr 


63 
Cys 


64 
Cys 


65 
Lys 


66 
Lys 


o / 
Asp 


63 
Leu 


69 
Cys 


-i n 
# « 

Asn— Y 



wherein 

X is H or Met: and 



Y is OH, the amino acid sequence: 

71 72 73 74 75 76 77 78 79 80 
Phe Asn Glu Gin Leu Glu Asn Gly Gly Thr 

81 82 83 84 85 86 87 88 89 90 
Ser Leu Ser Glu Lys Thr Val Leu Leu Leu 

91 92 93 94 95 96 97 98 99 100 
Val Thr Pro Phe Leu Ala Ala Ala Trp Ser 

101 102 103 

Leu His Pro , or 

an amino acid sequence derived from this amino acid sequence by deleting therefrom one to thirty-two 
amino acid residues from the C terminus thereof. 

8. A peptide according to claim 7 wherein Y has the amino acid sequence 
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71 • 72 73 74 75 76 77 78 79 80 

Phe Asn Glu Gin Leu Glu Asn Gly Gly Thr 

81 82 83 84 85 86 

Ser Leu Ser Glu Lys Thr ♦ or 

71 72 73 74 75 76 77 78 79 80 

- Phe - A s-n— G4-u— G4 n -Le u - GLu — Asn G l y Gly Thx 

81 82 
Ser Leu, or 

71 72 73 74 75 76 77 

Phe Asn Glu Gin Leu Glu Asn, or 



71 72 73 74 75 76 
Phe Asn Glu Gin Leu Glu , or 



71 72 73 74 75 
Phe Asn Glu Gin Leu . 



9. A peptide defined by the following amino acid sequence: 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


X-Leu 


Gin 


Cys 


Tyr 


Asn 


Cys 


Pro 


Asn 


Pro 


Thr 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


Ala 


Asp 


Cys 


Lys 


Thr 


Ala 


val 


Asn 


Cys 


Ser 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


Ser 


Asp 


Phe 


Asp 


Ala 


Cys 


Leu 


He 


Thr 


Lys 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


Ala 


Gly 


Leu 


Gin 


Val 


Tyr 


Asn 


Lys 


Cys 


Trp 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


Lys 


Phe 


Glu 


His 


Cys 


Asn 


Phe 


Asn 


Asp 


Val 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


Thr 


Thr 


Arg 


Leu 


Arg 


Glu 


Asn 


Glu 


Leu 


Thr 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


Tyr 


Tyr 


Cys 


Cys 


Lys 


Lys 


Asp 


Leu 


Cys 


Asn 



wherein X is H or Met. 

10. A protein derived from a peptide defined by the following amino acid sequence by attachment of 
the PI anchor to the C terminus of said peptide. 
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1 

X-Leu 


2 

Gin 


3 

Cys 


4 

Tyr 


5 

Asn 


6 
Cys 


7 
Pro 


8 
Asn 


3 

Pro 


1U 

Thr 




11 
Ala 


. 12 
Asp 


13 
Cys 


14 
Lys 


15 
Thr 


16 
Ala 


17 
Val 


18 
Asn 


19 
Cys 


20 
Ser 




21 
Ser 


22 

Asp 


23 

rue 


24 


25 
Ala 


26 
Cvs 


27 
Leu 


28 
He 


Thr 


-30- 
Lys 


to 


31 
Ala 


32 
Gly 


33 
Leu 


34 
Gin 


35 
Val 


36 
Tyr 


37 
Asn 


38 
Lys 


39 
Cys 


40 
Trp 


n 


41 

Lys 


42 
Phe 


43 

Glu 


44 

His 


45 

Cys 


46 
Asn 


47 
Phe 


48 

Asn 


49 
Asp 


so 

Val 


20 


51 
Thr 


52 
Thr 


53 
Arg 


54 
Leu 


55 
Arg 


- 

56 
Glu 


57 
Asn 


58 
Glu 


59 
Leu 


60 
Thr 




61 
Tyr 


62 
Tyr 


63 
Cys 


64 
Cys 


65 
Lys 


66 
Lys 


67 
Asp 


68 
Leu 


69 
Cys 


70 
Asn 


25 


71 
Phe 


72 
Asn 


73 
Glu 


74 
Gin 


75 
Leu 


76 
Glu 











wfterein X is H <x Met. 

X 



3S 



40 



4$ 



50 
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Fig. i .ufi ^ 

-25 -24 -23 -22 -21 
.5 — TTCTGTG G AC A ATCACA ATG GGA ATC CA A GGA 



-20 -19 -18 -17 -16 -15 -14 -13 -12 -H 
GGG TCT GTC CTG TTC GGG CTG CTG CTC GTC 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CTG GCT GTC TTC TGC CAT TCA GGT CAT AGC 

123456789 10 
CTG CAG TGC TAC AAC TGT CCT AAC CCA ACT 

11 12 13 14 15 In 17 18 19 20 
GCT GAC TGC AAA ACA GCC GTC AAT TGT TCA 

21 22 23 24 25 26 27 28 29 30 
TCT GAT TTT GAT GCG TGT CTC ATT ACC AAA 

31 32 33 3 4 35 36 37 38 39 40 
GCT GGG TTA CAA GTG TAT AAC AAG TGT TGG 

41 42 43' 44 45 46 47 48 49 50 
AAG TTT GAG CAT TGC AAT TTC AAC GAC GTC 

51 52 53 54 55 56 57 58 59 60 
ACA ACC CGC TTG AGG GAA AAT GAG CTA ACG 

61 62 63 64 65 66 67 68 69 70 
TAC TAC TGC TGC AAG AAC GAC CTG TGT AAC 

71 .72 73 74 75 76 77 78 .79 80 
TTT AAC GAA CAG CTT GAA AAT GGT GGG ACA 

81 82 83 84 85 86 87 88 89 90 
TCC TTA TCA GAG AAA ACA GTT CTT CTG CTG 

91 92 93 94 95 96 97 98 99 100 
GTG ACT CCA TTT CTG GCA GCA GCC TGG AGC 

101 102 103 104 

CTT CAT CCC TAA GTCAACACCAGGAGAGCTTCTC 

CCAAACTCCCCGTTCCTGCGTAGTCCGCTTTCTCT 

TGCTGCCACATTCTAAAGGCTTGATATTTTCCAAA 

TGGATCCTGTTGGGAA A - 3' 




-25 -24 -23 -22 -2i -20 -19 -18 -17 -16 
Met Gly He Gin Gly Gly Ser Val Leu Phe 

-15 -14 -13 -12 -11 -10 -9 -8 -7 -6 
Gly Leu Leu Leu Val Leu Ala Val Phe Cys 

-5-4-3 -2 -1 1 2 3 4 5 
Hi's Ser Gly His Ser Leu Gin Cys Tyr Asn 

6 7 8 9 10. 11 12 13 14 15 
Cys Pro Asn Pro Thr Ala Asp Cys Lys Thr 

16 17 18 19 20 21 22 23 24 25 
Ala Val Asn Cys' Ser Ser Asp Phe Asp Ala 

26 27 28 29 30 31 32 3 3* 34 35 
Cys Leu He Thr Lys Ala Gly Leu Gin Val 

36 37 38 39 40 41 42 43 44 45 
Tyr Asn Lys Cys Trp Lys Phe Glu His Cys 

AS *7 48 49 50 51 52. 53 54 55 
Asn Phe Asn Asp Val Thr Thr Arg Leu. Arg 

56 57 58 59 60 61 62 63 64 65 
Glu Asn Glu Leu Thr Tyr Tyr Cys Cys Lys 

66 67 68 69 70 71 72 73 74 75 
Lys Asp Leu Cys Asn Phe Asn Glu Gin Leu 

76 77 78 79 80 81 82 83 84 85 
Glu Asn Gly Gly Thr Ser Leu Ser Glu Lys 

86 87 88 89 90 91 92 93 94 95 
Thr Val Leu Leu Leu Va 1 Thr Pro Phe Leu 

96 -97 98 99 100 101 102 103 
Ala Ala Ala Trp -Ser Leu His Pro 
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Fig. 3 
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Fig. 5 



20 



TE 352-3 IL-1* 
Translation Product 
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Fig. 6 

■jf- Monoclonal anti-human MAC IF antibody 



- Monoclonal anti-humna MAC IF antibody 
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Fig. 



Ban*] 




SVAOpA 



Pstl 



AdMLR 



DHFR 



SV^OpA 



1. Bgil digestion 

2. Klenow enzyme 

3. T4DNA ligase 



BamHI 




Pstl 




Pstl 



SVZOpTT 
BamHI 



1. Kpnl/BamHl digest: 

2. T-4DNA polymerase 

3. Klenow enzyme 

^- Isolation of about 
2.9 Kb fragment 



SV40 




Pstl 

SV^OpA 
BamHI 



UEcoRI digestion 
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sv^o 
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Fig. 10 
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Fig. 13 
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Tig. 14 
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- 100 200 300 

Amount of the partially purified sample 
of the product expressed ( yl) 
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Fig. 18 
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100 200 300 400 

Amount of the partially purified 
sample of the product expressed ( yl) 



